Large scale shaking table tests were conducted to evaluate the seismic loss of functionality of office buildings due to interior damage.
The test specimen was designed to simulate both dynamic response characteristics of high-rise and low-rise office buildings to evaluate comprehensive basic data of interior damage. The predominant period of input motions were considered both characteristics of subduction earthquakes and near fault earthquakes. The specimen was installed a large interior space with 18.9m×9.0m plane size, 3.8m floor height, and 2.4m ceiling height to simulate interior space damages due to interaction among ceilings, partition walls, suspended air conditioners, and office furniture. A series of experimental results confirmed effectiveness of the seismic countermeasure for office furniture, suspended air conditioners, and steel bed of ceiling, to reduce the interior space damage. 
Keywords
(1) JMA 50% High-rise buildings existing in the Tokyo metropolitan area are responsible for the central function of the society. Therefore it is predicted that the damage of the high-rise building caused by the major earthquake has a serious influence on Great Society. In the 2011 Great East Japan earthquake, even though structural members of buildings were very little damage, damage of sprinkler-heads, fall of ceiling boards on upper floors, movement of furniture on casters such as a photocopy machine, and fall of books occurred. These damages led to the function loss of the building and had an influence on recovery after the earthquake greatly.
Considering those aspects, this paper investigates the seismic loss of functionalities in high-rise buildings through large scale shaking table tests on a high-rise building.
The substructure test method was employed, and a test specimen representing a 30-story steel high-rise building was shaken on the E-Defense shaking table. In the test specimen, a large interior space with 18.9m×9.0m plane size, 3.8m floor height, and 2.4m ceiling height to simulate interior space damages due to interaction among ceiling, partition wall, air-conditioning equipment, sprinkler pipes filled with water, and office furniture. Some equipment and furniture was prepared for prevention of swinging and falling in order to evaluate the effect of prevention. And the test specimen was designed to be able to reproduce the low-rise buildings response to evaluate comprehensive basic data of interior space damage.
The predominant period of input motions were considered both characteristics of subduction earthquakes and near fault earthquakes. The observed record concerning the 2011Great East Japan Earthquake from Nishi-Shinjyuku observation site of the MeSO-net were used for the shake table tests while changing the amplitude level of the record. Also the record of the 1995 Hyogo-ken Nanbu Earthquake (JMA-Kobe), which included short period components, was adopted.
A series of experimental results confirmed effectiveness of the seismic countermeasure for office furniture, suspended air conditioners, and steel bed of ceiling, to reduce the interior space damage. From the test results of high-rise building model, prevention of furniture overturning and moving is a very effective mitigation of the interior space damage, because of seismic response characteristics of high-rise buildings.
From the test results of low-rise building model, prevention of furniture overturning is also a very effective mitigation of the interior space damage. However, depending on the characteristics of the input ground motion, low-rise building response may become very large, evacuation activity in the room is also required in order to ensure personal safety, for example, books jump out of from the bookshelf which are prepared fall prevention. Two types of system ceiling, the line type and the grid type, were adopted during the low-rise building tests without braces for the light-weight steel bed of ceiling. The test results provide evidence of safety of the ceiling against a middle-size earthquake, and shows the checkpoint for confirmation of safety at the time of a large-size earthquake.
In order to reduce the seismic loss of functionality of buildings due to interior space damage, design and construction considering the interaction among the non-structural elements, equipment instruments, and furniture is important. This paper shows the basic data and the check points for this consideration. 
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